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By.

O.Enooh-

Theneedfora ~FLYING–TESTBENCE1lto enablemeasurements

offlightresistan~,engineandpropellerpowerandefficieng

tobemadeduringElightwasexperiencedin interestealcircles

asearlyas1915,anditgrewin proportiontotheconstantde-

mand.forinoreasedflyingLZSpacity inourmilitarytypesof

aircraft.
.

Theproblemwasworkedoutinvariouswa~sby theGerman

AeronauticalLaboratory(D.V.L.) atAdlersho3Z.Unlikethemethcd

observedintheact~lflyingtest-bench,wheretheenginemust

be soinstailedthatitcanworkfreely,a DYNAMOMETERHUBl~was

insertedbetweentheengineand.thepropellerby theD.V.L.

Itwas‘approvedofasanaccuratemeasuringdeviceby thePro-

pellerTestingDepartmentoftheTechnicalSectionofAviation

(Flz.)at Adlershof,andwasaccordinglyeonstructedthere,

Measurementsof stressareal.a tskeninthi’scasebymanometri-

0s3.pistonsconstructedby theD.V.L. inaccordancewiththe

‘patenttakenoutby ProfessorBENDEMANN,whoreadilymm sented,
* FromnZeitschriE% fhrFlugtechnikundMotorluftschiffa,hra,fI

vol..x,NO.19.
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to itqbeingutilizedbytheD.V.L. “TheFlz.developed.tb.eAo-

viceintoa thrust-dynamometeronly- itsoriginalpurposewas.
,.

thatofmeasqringpropellerth=st - whilea stillnewerty~

rendereditpos@ble”tomeasuretor~ moment&Lso.Afterfav-

or~letest-benchresultshadbe~ obtained,thefiystflight

‘testsweremadewilththedy+mometerhubin,thespringof1917,

andfurthergoodresultswereobtaihedin“numerousflights.,. .... .
Theefficiencyoftheengineaou.ld,however,be determinediby

thetranspositionofcalculationsofitapoweratthetest-bench.~

It.wouldtakeup toomuchspaoetogivea detailediac~ountof
1

thetests,whicharebutofminorimportance.
,.

Thedevioeconstructe&by-7/.STIFJ3ER,of
. .

filledtherequirementsofa torqzemeasuring. .
outset? Thecdnstrutiionandworkingotthis

sbxLbe&inllTe&niS&eBeriohte,~Vol.,111,No.& p.22Kl$“from

I

theD.V.L.., ful-

.~paratusfrowthe

hubwere5iLllyde-

whioh.weqpote’,thefollow@gmainpoint=:

.ThepropellerisnotzrigidlysWuredto theenginebone,

. butisfreeho revolyeortomowetowsxtithecon=.Thetrans- .

miss+ionoftorqzefiromtheenginetothepropeller-~andtbe

trsnsmiseionofthrustfromthepropalle~totheezxgizmtakes

placethroughdynsmometricalpistonsby whidhbothtor~e end-

th~stmaybe meas&ed’.-Thedlynsmom’eterhubaonsiktsofthree

priq@ipal,parts (seeFigs.4, 5,6,and7)~

T-hecone a isseourediimtheengineshaftintheusualway,

bya tighteningnut e. Thehub-pieeeh, towhichthepro-

pelle?tisfastenecitlaya flangeanda bolt,islocatedionthecyI-
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Ind,ricalsurfaceofthe@ne andisfreeto revolveortobe dis-

placed.Thesupportu forthecylinderis”securelyattached

tothecronea by a toothedccuplingd. Fourpistonsarelo-

catedinthissupport,t~oofwhichareat a tangentfortrans-

missionofthepropellertor~e,andtwoparalleltotheaxis

to receivethethrust.Betweenthepistonsandthehub-pieoe,

andin orderto ensuretheirfreedomtomwe cmthecone,rsms

areinserted,whichrevolweonpivots.Thepistonssxetightiy

groundintothe~linders(seeRigs,.5 & 11). Thereis.apres-

sureliquidintheinteriorofthesecylinders- oilinthepres-

entinstan~- andthepressureofthisoilcorrespondstothe

pressureontheoutsideofthepistoncause~bytheactionof

thevalvecontrol,whichconsistsofa distributionpistonaxi- -

shy annecte&w,iththemainpiston.Theportionofthedistri-

butionpistonfittingintothec@inderboreisfinishetoffin

triangularformandthesmall en&ofit,whichprojectsoutof

theboreintoa smallpressurespace,is‘againgnwun~intoper-

fectqlinderform.

Boresconnecttheinsideofthe~ylindersmiththispres-

surespace,andthetriangularportionofthedistribution~1-

inderisdirectlyaonnected,w,iththehighpressureoil. The
.

workingissuchthatwhentheforces’insideandoutsidethepis-
.

tonareine~ilibrium,thehighpressureoilisoutofffrom

theinteriorofthe~linderthroughthedistributionpiston.

Whenoilescapesthroughlackoftautness,themainpistonad

I
‘1

ConsequentlytheCiistrititionpistonfallin,to someextient,
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Ieavingthec,cmmunicationbetweenthetriangularspaceofthe

distrihuticnpistonandtheinsideoftheqlinderexposed.The ‘

high-pressureoilthengushesoutuntil.’thee~ilibriumofthe

forcesisrestoredandtheeommnicetioficlosed.Whenthewl-

inderisempty,thepressuredecreases.accordingtothehydrau-

licpropertiesoftheoil. l?orthisreason,thepistonalways

takesup a certainpositioninthecylinder,determined’bythe 7

finalpositionofthedistributionpiston.Thippositionofthe

piston,inwhichtheramliesperpendiculartotheqlindersur- ~
I
!

faceandthusinthee~ct lineofforce,isknownastheI1work– !
ingpositicn.JtChlyoneofthetwotor~e and-thrustpistons .
arecontrolled;theothersareconnectedwiththepressurespace

ofthefirsttwo. Thepressureofthethrustpistonbeinglower

thanthat‘ofthetorqqe,sllthatisneedediisa high-pressure I.
conduitwhichisconnected.withthedistributionpi&~onofthe

latter.
.

Thehigh-pressureoilforthethrustpistonisobtainedfrom :

thepressurechamberofa torqpepiston.ThepressureChanbers

are,tioreover=connectedWYpipingwithindicatorsthatrecord

directlyona drumthepressurescorrespondingtcthepiston

forces.Thecentrifugalforcesofpistonandoilinthetorque,

whichmightobstructmeasurements,areobviatedW adjustingthe

centerofgravityofthepistons,andby fi~lingthe~linder

spacesinfrontofthepistonswithoil. Thehigh-pressureoil

conduitfromthetor~edynamometertothestationarypiping

takesplacethrough’pipeswithplugs.Thefixedplugha=four“
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bores,intowhich

pipingforthrust

leadsthehigh-pressurepiptig,themeasure”~nt

andtorqpemoment,anda lubricationpipingre-

speetively.Groovesarecutto correspondwiththetorqyuz~iping,

andthesegroomsarealso.com.eotetimiththejointsofthedyna-

mometersupportby piptng.Thel-ihricationpipingmayserraa

needaspressureluhricationfortheinnerbearing~rface. The

fourpipingsthenpassovera steelbearingblockfromtheplugs

androundthetorqueplaneofthepropellertotheinstrument

tableforcmntrolanduse,“whiohisinstalledintheobserver’s

cockpit(seeFigs. 13& 14,drawingB46).“ This.tablebearsthe

=Ping insta12ati6naswellastherecordingdeviop,andis

mounted ona pne~atictubetobe secureagainstshocks.Itis

so centrivedthattheoilis suppliedito thepressure-pumpfrom

anoiltankwhichcanbe adjuste&totherequisitep~e.ssure-

general.lyabout40to~ kg/om.3- andisdrivenby wormgear

fromthemmshaftby meansofa pliableshaft,

be manipulatedby hand. Theoilpassesto the
..

chamberinthehigh-pressurepipingbuiltinto

but.whiohcanal=

WP Overanair-

theoil-tank.‘

By cOmnutationwitha thre~waycook;thehigh-pressureoilmay

be conducte&intothetorqpepipingand,thuspassdirectlyinto

thetorqpecylinder,throughtherotationofthedistrihution

piston,atthemomentwhenthehigh-pressurepipingisblooked,

thusfor~g backthepistonuntilittouchestheadjoining-

‘ piece.Anydisplacementbetweentheconeandtheadjoining

pieceisthuspreventedandthehubbecomesant irelyrigid.This

iscalledthemLOCKEDPOSITION.MrAt starting,orwhentheengine-.
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hubisdulyclosed,asalsoingliding

Anextracockcontrolsthehigh-

-pressureoilintheMbrieation

consistsofa half-hourdiagram

Thelatterareplacedatspaces

enceofthesurfaceofthedisc

Thesespacesmustbe takeninto

piping.Therecordingdevice

surfacewiththreeindi~ators.

of60mm.$oundthecircumfer-

andareofproportimal“lengths.

accountinthetracings,madeby

theindicators.Tor~e,thrustand;elocityarerecorded,the

latterbeingmeasuredlya pressureplateworkedby a piston. -

A revolutionchronometermadeonthesameprincipleunfortunately

failed.inthepreliminarytests,thaughitwouldhavebeen

usefulinestablishingprecisevaluesby recordingtorque,

thrust,numberofrevolutionsandvelocityinonedi~ran.

Aftermanypreliminaryaero-mechsnioaltesttihadbeen

moSt

made

atthebenchasearlyastheautumnof1916,flighttestswere

madeby theD.V,L.andwerecontinuedinspringby theFLZ*.

Theywerethensetasideformme urgenttests.A yearlater,

theymereresumedby thepropellersectionoftheFLZ*witha

specialairplaneanda newD.V.L.hub,whenitwasintended

thatpropellerinvestigationsshould

Theauxiliaryinstrumentsaswellas

calibratedbeforebeinginstalle&in

be carriedoutfirstofsll.

thehubwerecarefullyre-

theairplane,sothatthe

requisiteaccuracyofthemeasuringdegreesmightbe ensured.
* SeeEVERLINGrS“TemporaryRealtsof’MeasurementswiththeDyn-

amometerHub,”‘rTechnischeBerichte,llVol.1,No-2,p.54.
Theseresultswereconfirmedlylatermeasurementsby F.Mfil-
ler,asyetunpublished.Seeslso‘TheIWWnoneterHuband
the-,Flywheelofthe

(Translationonfilein
Engine,lJZeitsch.f.F.&M. 17/18,p.181.
thisoffice,seeReport#5348-15.)
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The.hubwascalibratedatan electrictestbenchby comparative

testsmadewiththrustandtorquemomentbalance.Torqueand

thrustaretheproductofdisgre,mprestirex thetransmission

factor.Thelatterisgivenby theratiooftheindicatorahd ~

thecylinderopenings(seeTale “i)..

Theconsiderablebuteonstaniidifferencebetweenthetorque

momentvaluesof’hubandbaJancewasdueto & errorin cali–

bration. Thevaluesofthrustwerq“favorable.1 to2% insensi-. .
bilttyofthetest-benchb&lancemusthere“betakenintoacccunt.!

Thepressurediscformeasuring~elocity-wascalibratedinthe

D.V.L.wind-tunnel,by comparingthemicronomete~sndthePitot ,.

tube. A windvelooityof130to 140@/h couldbe attained.

TheconstantK (seeTable2)wasgivenby theratio

h= ~“q.. ,.

h= heightofdi~raminmm. .

q = dyhamicpressurek kg/m2.

Thelimitof errorsofx out2? inthevelocitymeasure-

mentsseemstobe extreme~yhigh. Ifl~be calculatedinthe

measurementsoftorqpe,“thrustandvelocityrespectively,as

muchas 3%canbe obtaine&incalalatingthepropellereffic-

iency:

c = 0.99. 0.99-v P .V
1.01.M. n=0”g7-c M.n

P = thrust,M = torque,v = velocity,n = r.p.m.

Inestimatingpropellerperformance,e~cisllywhenv~icus

typesarebeingccmpaxed,evensuchanerrcrasthisisextreme-
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thereforemostdesirablethatthepressure

furtherimproved.Forthetests,itthere-

foreappearedtobe desirabletoutilizea secondpressurediscin

orderto obtainthemeanvalues;forwsmtof a fcurthindicator,

however,it’wassubstitutedby.a Pitot-tubeandanAtmosindicator.

TheHORNtachometerwasfinally,subjettedto re-calibrationevery

fiftyrevolutians.

Theentiretestingappliancewasth~nbuiltintoa FluC I air-

planewitha 16QHP engine(Fig.13). TheW C I combinesfav”ora-

blegraduationofveloaitywithgoodclimbingqualitiesandis

thereforemostsuitableforpropellertests.Thechiefdataare “

asfollows:surfacearea38m.2, span12.24m., length7.91m-,

wdghtinitself530kg.,measuringhubwithauxiliaryinstruments

80kg.,totsd.weightempty872kg.,twopassengers15Qkg.,fuel

andoil170kg.,ballast30kg.,airplaneinflyingcondition1224

@* Therewasno difficultyabouttheinstsllation. Inlaying

thepiping,sharpcurveshadtobe avoided~carefully.Thewriting

drumwasinstailedintheobserver~s cockpit,securefromshocks

andseparatedfromthecrankshaftby a secondbra.n&ofthepump

piping,andthepressurediscwas securedto thefrentstrutin

sucha mannertk.atitcanturnfreelyinthewindstream.The

e~ipmentwascompleted,by a barometer,three‘barographs,a gaso-

lineindicator

observation,a

equilibriumto

theobserver’s

forenginetests,an snemometexforthepilot1s

thermometerandsignalingapparatus.Thelackof

thehubwascompensatedforby 30kg.ballastin

codkpit.
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Whenfunctioninginworkingposition,thedistributionpistons

ofthemeasuringhubsplayontheorificesoftheboringsof’the

distributionpistons.Whentheoilissufficientlythin,thisplay

isparticularlynoticeableinthetorquecurve,throughthefine ‘

oscillationsthattake

ticityofthepressure

torqueoftheengine.

place.It isprobablyalsoduetotheelas-

pipingandthelackofsmoothness,ofthe

Theseoscillationssometimesincrease~-

especiallyincurvesorsqualls- untilthehubstruckagainst ~

theclappetshaftofthehubpieceintendedlforblockingsand

causedsuchshockstotheengineandtheai~lsnethatthemeas-

urementshadtobe interruptedby stoppingtheengineandblock-

ingthepiece.Witha viewto reducingtheoscillatims,themost

smoothly-runningenginepossiblewasinstalled,thepropelle~was

carefullybalancedandgauged,andtheregularity

re-measured. A dynamiobalancingmethodwouldbe

pressurepipingsmerealsocarefullyventilated.#

ofpitchwas

ad-risable.The

Whenthepiping

of3 x 4 mm.diameterwasfinallyreplace&by pipingof6 x 8 mm.,
.

theoscillationsceasedis,lmostentirely,tiiletheindicatorsre-

spondedmorequicklywhenthepressurechanged.Thisconfirms

thesuppositionthatthrottlingoccursinthethinpipingconduits

whenthehubis subjectedtomorerapidpressure.

Thefurtherdevelopmentofthetests,especiallyas regads

furtherdifficultiesandderangements,canbe~ be seenfromtables

antirouglilYdrawndiagrams.Thefirstpointtobe consideredlis

thatof obtainingpropellercharacteristics;thatis,thrustand

torqueshouldbe giveninthecourseofthetests.Theconditions
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oftestingweresimplifiedby takingthepointsofmeasurement,as

faraspossible,atuniformaltitudes.Thethrustofthepropeller

doesnotdependuponthepositionoftheairplaneinthechamber.

Thecomponentweightsofpropellersmdhubpiece,includedinthe

measurementstakenby thedynauometerhub,areofnopraoticslac- :

countwitha weightofabout20kg.andwhentheaxisoftheen-

gineshaftisina comparativelyslightlytransversepositicm.

Thecurvepointsoftheprcrpellercharacteristicscanatiu~lybe

obtainedby varyingtheveloaity-d theenginepower.Thiswas

carriedoutby thepilotatanaltitudeofabout800m., whenhe

stated,bymesnsof & signalingdevice,thattheexactwelocity

oftheairplanewas120km/h.At &nalti+udeofabdii~CIOOm.,

thediagrmshowedthata stateofequilibriumhadbeenattainedt

Inpass~ through1000m.,a measuringpointwasmarkedonthe

diagramsndreadingsofthenumberofrevolutionsweresimult&-

eouslytakenwiththoseofthebarometerandthermometer.

Atan altitudeofsbuut1200m.,theenginewasthrottled?and

theairplanewasbroughtto a constantglidingvelocityof140 > ‘

lun/h.Thepassagethrough1000m. wasmarkedwithanothermeas-

uringpoint,md at800m.,theenginethrottlewasagainfWly op-

enedin orderthata fresh@Limbcouldbe madeatanothervelocity.,

DrawingB46showsthepressureourvesoftorqueM, ofthrustP,

andofvelo~tyv, whichweresimultaneously

changeofpositionoftheindicatorsamounts

thediagram.Whentherewasa suddenchange

drawn.Thelocal.

to about60mm.in .

of conditions,thein-

&iCatorsrespondedslowly.Thisinconvenienceisespeciallynot-
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ceableinthe v curves>wherethemeasuringpointsarebutpart& I
llyutilizable,as

f thecurveinthe

Thiserrorwas

theyfallbetweentwoe~ilibriumconditions I

transmissionportion, ‘

DeragementinMeasurin%..

alsoreducedby theapplicationoffurtherpip-
.,

.ngandthinneroil. Inorderto con%roltheadjustmentofthein-

iicatorsandto determinetheoccurrenceof cloggingwhenneoessa-

cy,theindicatorsweremomentarilymmiecte~totheatmosphereat,

frequentintervals.Theeffectofthisis seebbytherecurrence

ofdeepindentsinthe M curve.Unlikethedonstantmeasuzing

pointsofthetorquemoment,thethrustandcoefficientofefficien-

cyvarygreatlyinthisbase~asintb”etablesgivenfurtheron. A$:
thoroughinvestigationprovedthattherewascloggingonthebearing

surfacesofthehubandconepieces.”Thefrictionalforceswere

addedto thepropellerthrustinthereadingsgivenby thehub,with

theresuitthatthethrustandcoefficientof effieiencygivenwere

toohigh. Itisanythingbuteayto grindinthepistonsoasto

avoidfriction,dueeitherto S1ightdeformaticmofthehubflange

onaccountoftheunequalizedthrustofthepropellerboltsorto

expansionofthewoodenhubdueta changesofweather,andto in-

sure,atthesametime,thesafeguidsnceofthepmpeller shaft.

Similarcloggingalsooccursinthecylinder

Thepistens,tighiilyfi~%edinonaccountofthehighworking

pressure~ areespeciallyliableto seizureby reasonoftheirshort

oscilbting

intestNo.

motion.

8. The

Thisfrictionisclearlyshownby the

pistonswerethereforegroundinlesst

M curves

ightly,
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*? increasedloss,ofoilwastakenintoac~O~t= Test12 ~see

drawingB46]wa~+ntendedtoprovethedecreaseoftOrWe ~d -

thrustwithatmosphericpressureatcastantflightvelocity,and

to showtheexactitudeofthemeasurementsby theconstan~coef-

ficientofthe~easuringPofitscThetestscouldbe executedatan

averagevelocityof115ti/h.Assumingthatthereisa linedfunc-

tionup to thataltitude,themeasurementsoftorquemomentshow

meandeviationsof+ 2 to3$. TestNo-17als~showsa mnstantde-
.

creaseoftorquewithatmosphericpressure.Thethrustvalues

arealltoohigh= As a newenginewasused,- thethirdsin= tbe

~ommencementoftileflights- themeasuringpointsare compared “

withthoseofTe& No.12. AfterrenelTedoverhaulingofthedYna-

rnometer,Tests19and20realtedina seriesofmeasuringpoints

ata similaraltitude,”-atsjmilarvelocities.Zhetorqpefmqnenjis...“ -.

coincidesatisfactorily,butthethru@ andefficiencyareagain

toohigh.

A seconddvsmmpt~xm- ~he~pro~red,speciallyiptende~?or

enginetestsandsimilarlyinstalledW a ,RuC ~ a$~plsne.me de-

rangementsabovedesoribedalm occurredinthisZnstsme,thcugh

betterthrustvalueswere obtained-ThetestairPlme,whi~ was

unfortunate~ystronglyinfken~.~.bythef~s~e~t~.sc~2a~3wsWd:..,,. .’
repeate”dxnoun$$ngw.@@Jti.q@ingQ$theengi~e~~WQS~~p>aced@

th~sae ttieby twonewW O I a@PIWe~ ~ithXe%PfOTC~Q&%&> ,..-
elaa ZQeng>~ebeddinganda spadguscpckp~tfortheo@se~e~.

tieofthe$ea$~l~es YW tobe eq@pp@ w$$~a l?!?W &~oW: ~-
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‘fenginefuelthenavailable● As soonasthedynemometerwasin-

:tslled,thetestsemerge&fromthe~ongpreliminarystageand

reredevelopedintow stematic andusefulmeasurements.Abcut30?
~tilizablete$tableshadbeenobtainedby thismeansbeforethe

mtbreakoftke#dr,whid putanendto furtherinvestigateions.

ManyobjeG~~ohstothedynamometerhavebeenrslsedlby people

whobased theiropinionontheobv20USinaccuracyofthemeasure-

mentstaken inearlytests,andalsoonthelad oi?systematicte”st.

resultsafteroomparativelylongtestingaatititiea Thislatter

omissionwasduetothefactthettheBoardofAviationwasover-

whelmedmithotherandmoreurgentworkforthefrent.Thee~@i-
,,

tudeofabout* 1%fortorqgmmeqsurements,as ~ ownby thetableS,
?

isqpiteadeqpatefbr enginetests.

Theerzorlimitinthrustandvelocitymeasurementscanbe re-

ducecito considerablylessthanthet‘2% sofarattained$whenthe
.

resultsthathavebeenobtainedlcanbe qpplied.Theprelimin~

conditionsneededfortheperfectfundioningofthedynamometer

maybe classedunderthefollowingmainheadings:

1.

2.

3.

4.

CorreclibearingcAe~anoebetweenthehub-pieceendthe

czone-pieceandthe’dynamometer/piston,

trolofssme.

l!%e~entcentrollingoftheindicators

withfrequentcon-

.
andtheir~rings.

Suitableviscosityoftheoilundervarious

ditions.

Rigoznusprotetiionfromdustoftheorgans

eterandoilpipings

weathercon-

ofthe”@namom-
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Takenasa whole,thetestsproveth~ th~ghthedynammeter

sensitivemeasuringinstrumentliableto numerousderangements

itisundeniablyusefulevenin.itspresentform,whenhandledwith

csxeandskill.Facilitattig,a~t does,thepossibilityofmati-

tainingthefixe&positiaoftheengine,theblockingoutofthe

weightteffectwhentheairplanei~ ina slopingposition,andthe

possibilityoft~ing directmeasurements’offorceatthepointof

transmission,thedynamometerappearstobe by faxthebestsolu-

tionoftheproblemofa flyingtest-bench,utilizetas a hydrsulie

baknoawiththesm~lestpossiblemeasuringstrokeandtheleast

tendenqrto oscillation.Itisthereforem_ostdesirable.thatfur-

therinveskigationsShwldbemadeinthisdire@ion.

(Tran~atedbytheParisOffice,N. A.C.A.)

I



Tab3e 1.

DynsmometerHubNo.4, .

Ru CI8367,FI.z.

CalibrationattheElectriePrcfpellerTest-Bench.(15/4/18)

.. Torque Moment
: :
: Test-bench: Indioator ~ Errorsin~
: balanceU :. inkg/m. : p inkg/az ~ Min kg/m ~. . .

1: 80: 19.6 : ‘77.5 : -3*C)
● . 16.8 %. 66.5 : -4.8

: ; “z “.. 14.4 ~; 57.0 : -68. 50 .. 11.9 : 47.0 , “: -!5.8
:; -.. 9.6 : 3!8.0: : -!So
6: : “..+ 2$9.7 “: -1.0‘. 80 ‘.. J:: ; 77.5 : : -3.2
:; “- - 16.8 : 66.5 “ : -4.8. :; 1’4.4 .“. 5’7.0 : -4.8
1: ; 70 ‘.. 16.7 : 66.5 : -48. .. .. . .:

“.
. Thrust

...
NO* ;

...- : Remarks: Test-benoh~
.

Indicator : Errors ~
: bslanceP ; in$ :

inkg. : ‘P~kg. :*. p kgm/cm.2’:; ..
1:-:- : Springs : - :Gra@ation ‘
2: . :tooweak : - :of springs
3: 3;0 ; :13!5 : 340 .‘. +3.0 : fM=2tllm.
4: 274 : 10.8 : . 71.3 : fp=’%lm.. 221 : 8;8 . %% ; -0.3 :
: ; 1.7Q : 6.6 ; 165 : +.8 : .
?: 426 : 16.9 ‘: 425 : -0.2 .:
8i 376 : 15.0 : 376 : C) :fP’3 mm.. 326 : 13.1 : 33$3 : +1.2 :
1: ; 3?5 : 15.0 : 376 : +0.2 :.: . ,.. .. .- .
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Table2.

PressureDiscNo.1. CSlibrationintheWin&–Tunnel.

:.Meanpres- : @finateread: Con&a~,l~:Deviatim:Deviations
Test:sure&e to : onthedi.agrum:k =. velotity :h inm. .. . :valuein :

. . .. . .. . .
1: 14%12H5 : EL5 : 0.453 : -T.l : -2*7“
2: 24.60 : 12*3 : 0.50’O :

32$.10 “:
+1.2 : +1.1

3: 15.2’“ : 0.474 : 4.? : =1.9. 45.50 “ : 23.3 : ().491 : -0=4 : -0.6
$: 55.00 : 2’7.5, : 0.500 : +1.3 ; +1.1
6: 65.1 : 31.,6 : 0.47s : -30 ‘: V1.7 “

‘. 6?.8 :. 35.0‘ : 0.517 : +4.7 :
:;

+3.17
85.5 : 43.0 : 0.593 : +2’.0 : +1.4. 32,1 : 16.0 :“0.4.98 :

1: ;
+1.2 : +1.1

54.2 ‘“: 27.8 : 0.514 : “+’4.2: +2.1.. . ‘.. . .. . . . .

.

Table 3.**

DynamometerHubTestNo.’3.R-IC I 4167.Wolff’PropellerNo.1105.

“:Speeific:Torqpe:Thrust:Flying: :Engine:F1igh%”:Propeller
No● :Gravity:’”.-“ .: :Velocity’:r.p.m.:porrer:effi&’:eff35c2en-
Of : ofthe: :P= kg:ti=km/h-: - :SW=HP: q : q
read-:air : . ● :n/rein: :NF=HP:m’~
ing:y=@/m?:M=ti.: : : : : :
1 :1.380: 85.6:297 : 125 :1380: 165 :137 : 84
2 : 1.253 : 81.6*:292 : 124 : 1375: 157*:134 : 86*
3 : 1.21.3:84.5: 294 : 123 : 1335: 165 : 134 : 81
4 : 1.206 :82.8:2%8 : 131 : 1400: 362 : 14) : 86
5 : 1.185 : 79.’7:272 : 116 : 1355: 151 : 117 “:77
6 : 1.185 : 76.0:264*< ::: ‘:1480: 1!57: 156*k ~99*
7 : 1.185 : 79.3: 2&l : : 1380: 15Z : 120 : 78

: 1.197
:

: ~~;~? 249 ; 122 : 1370: 146 : 113 : ’77
: 1.190 : 254 : 148* “:14!33: 153 : 139*: 91*

u : 1*3S3 : 76.5: 25’6: l:~Q : 14QD: 1!49: 123 ‘::02
11 . 202 . 76.5.259 . 728 ..- 1430. 153 . 123 .. . . . Rn
**Test2. 18.19.(SeeDrawingB 45)

* Der~gementinmeasuring.
I
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T able 4.**

MeasuringHubTestNo.12. au C I 4167.WotanPropellerNo.3640.

:SpecZfic:Torque:Thrust:Flying: “:Engine:Flighti:Propeller
No.:Gravity: ... :Veloc-:r.pam.’:power:eff’ici-:efficiency
Read-:ofair : : w i%y ‘: . :ency :

‘NM=HP:NF= HP:ing:y=kg/m3:M=kg/m:P=kg~v=km/h:n/min.. ~=$

1:
2:
3:
4:
5:
6:
7:
8:
9:
10 :
11 :

1.188
1.165
1.130
1.097
1.082
1.053
1.04J.
1.007
0.993
0.971
0.967

. ..

. % ;
i68:
:67:. ..
:::;. ●.
:::;
. 59 :.
.. 58 :.. 57.5:

272 :
278 :
265 :
260 :
;g. :\
258 ;
240 :
245 :
235 :
230 :

129 :
118 :
118 :
118 :
115 :
115 :
115 :
115 :
11.5:
114 :
113 :

1440:
1440:
.1430:
1430:
1430:
1440”:
1440*:
--

~~*;
-. -
-:

147
145
136
134
132
128*
126*

118*

. 120 :.. 121 :
: 116 :
: 114 :
: 111 :

.. 102 :.. 1:$ :

. ..

.. 96 ;

82
84
86’
85
:;*
88*

‘%%5T~S%~.~g.18.(SPe DraxingB-45)
* Approximately(r.p.m.variesgreatly).

Table 5.***

DynamometerTestNo.17.Ru C I 4167.WotanPropeller3640.

:Specific:Torque:Thrust:Flying::Engine:Flight:Propeller
:Gravity: : :Veloc-:r.p.m.:pomer:effici-:eff.icienoy

No.:Ofair : .. : ity : : :enoy :
Rea&: ● . . . . . .
ings:y=kg/ms~M=kg/w~P=kg~v=km]h~n/min~N~Hp~NF= ~~ q = %

1 : 1.124
2 : 1.120
3 : 1.060
4 : 1.031
5 : 1.020

: 1.021
“; : 1.022
8 : 1.013

.. 66 : 2W.. 64 : 265.. 62 :“260.. 60 : 247.. 59 : 237.. 58 : 230.-. 58 : 226.. 59 : 242

: 129 : 1440: 133
: 124 : 1430: 128
: 126 : 1430*:124
: 125 : 14X)*:120*
: 134‘:3443:129
: 143**:1470*-:119*
: 343**:1470*:119*
: 127 : 1430*:118*

..

..

.

..

..

..

..

..

124 :
121 :
121 :
115 :
117 :
122**:
120**:
114 :

All
the-
thrust
values
are
too
high.

1

***

**

*

Test6.13.1.8.(SeeDrawingB-45)
Derangementinmeasuring.
Approximately.
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Table 6.**

~amometerTestNo.19. F&uC I 4167.?JotsnPropellerNo*3640.

1 : 1.092 : 70.1: 279 : 11!5,.:1420:’139 : 118 ‘
2 : 1.102 :38.8:“100 :137 :1250:68:51
3 : 1.098 : 71.2: 268 : 324.:1425: 3.42: i22
4 : 1.102 :40.8: 105 :137 :1240:71:53

: 1.098 : 71.2:259 :131 :1450: 144 :1Z6
; : 1.085 : ‘7o.6: 257 : 132 :1450: 143 : 125
7 : 1.092 : 71.2:2!51:143 : 1475: 147 : 133

: 1.098 : 70.6: 276 :‘115*:14232:146 :117*
: : 1,098 : 41.6: 120 : 137 :1240: 72 :=

-.
..
..
..
..
.-

.

.

.

85

::
76
88
88
91
84*
85

**Test7.12,3.8,(See~rawingB-45).
* Derangementimneasuzing,
NOIE:Nos.1, 3,5$ 7,and8 wereflownwithfulltitake,

Nos.2,4,tlnd9 wereflownwithgad~hrottl~ddown..

Table 7.**

DynamometerTestNo.2C),Ru C I.4167.RotsnPropellerNo-36Q~q

:Specific: : :Flying: :Engine:F1ight:Propeller
No.:Gravity::Torque:Thrust:Veloc-:r.p.m.:Power:effic~:efYiciency
0$ :ofair : . . . .. . . . :iency:
Read=: . . . . . . .
fig,:?‘kg/m3~M=kg/mlp=kg-~~=~/h~n/m~~NM ‘-~~NF‘~ ~ ~=$

1 : 1.095
2 : 1.070
3 : 1,100
4 ; 3*1OO

:1,070
: : 1,102
7 : 1.IOQ

,.8 : 1,102

: 68.1: 282 : 127 : 1480: 141 :133 : 92
: 67.7: 282 : 127 :1480: 140 :133 : 92
: 40.4: 131 : 143 :1280:72:70:97
: 70.5: 282 : 129 :1480:145 :130 : 89
: 67.4”:277 : 128 :1480’:139 :131 : 94
: 39.6: 125 : 145 :1290:71:67:94
: 68.5: 282 : 130 :1480:147 :136 : 93
; 39,2:131:146*:1280: 70 :71*:-

L\

**Test13,7.18,(SeeDrawingB-46).
* Der~nge~rdiinmeaauring,

t
NmE: NOS,l?2,4, 5 and7 wereflownwithfuKlintske-

NOS,3,6 and8 wer~flownwithgasthrottied~wn,
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